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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a semiconduc- 
tor laser device suitably used as a tight source for opti- 
cal communication and to an optical communication 
system using the same. The present invention also 
relates to technology for crystal-growing a compound 
semiconductor as a material for an active layer included 
in the semiconductor laser device and the optical com- 
munication system using the same. 
[0002] A conventional semiconductor laser device as 
a light source for optical communication employs an InP 
substrate and InGaAsP mixed crystals as a materia! for 
the active layer thereof. This is because the InGaAsP 
mixed crystals have band gap energy on the bands of 
1 .3 fxm and 1 .55 fim, which are low transmission loss 
hands of an optical fiber. 

[0003] A conventional semiconductor laser device for 
optical commurucatfon is illustrated in Figure 10. 
[0004] The semiconductor laser device shown in Fig- 
ure 10 includes: an n-type InP substrate 101; and a 
mesa-shaped multilayer structure formed on the sub- 
strate 101. The mesa-shaped multi-layer structure 
includes: an n-type InGaAsP light confinement layer 
102: an InGaAsP active layer 103; and a p-type InP 
cladding layer 104. A p-type InP cun'ent blocking layer 
105 and an n-type InP current blocking layer 106 are 
buried in the regions interposing the mesa-shaped 
multi-iayer structure therebetween. A p-type InP buried 
layer 107 and a p-type InGaAsP contact layer 108 are 
formed so as to cover these cunrent blocking layers and 
the mesa-shaped multi-layer structure. An insulating 
film 109 having stripe-shaped openings is deposited 
over the p-type InGaAsP contact layer 108. An An/Zn 
electrode 110 and a Tt/Au electrode 111 are formed 
thereon. An Au/Sn electrode 112 Is formed on the 
reverse surface of the substrate 101 . 
[0005] The InGaAsP/lnP semiconductor laser device 
shown in Figure 10 has a problem that the threshold 
cun'ent and the light emission efficiency thereof are var- 
iable to a large degree with respect to the variation in 
temperatures. Thus, various measures to keep the tem- 
perature of the senvconductor laser device constant, 
e.g.. using a Peltier device, have been taken. However, 
the price of a laser module is raised partly because of 
such measures. 

[0006] A very small band offset AEc on the conduction 
band is presumably one of the reasons why the charac- 
teristics of an InGaAsP/inP semiconductor laser device 
are variable to a large extent with respect to the varia- 
tion in temperatures. This phenomenon will be 
described with reference to Figures 1 1 A through 1 1 0. 
[0007] Figures 1 1 A and 1 1 B illustrate cases where an 
active layer has a quantum well structure including bar- 
rier layers and a well layer sandwiched therebetween. If 
AEc between tiie banrier layers and the well layer is as 



2 

small as about 100 meV and if the temperature is low, 
then a sufficiently large number of electrons are con- 
fined within the well layer functioning as a light-emitting 
region as shown in Figure 1 1 A. However, if the temper- 

5 ature rises, then the electrons are likely to overflow from 
the well layer owing to tiie thermal energy applied and 
cease to contribute to tiie emission of light. Thus, the 
threshold cun'ent thereof inaeases and the slope effi- 
ciency declines shown in Figure 11C. 

10 [0008] As desCTibed above. AEc of the InGaAsP/lnP 
semiconductor laser device is about 100 meV. which is 
much smaller ttian that of an AIGaAs/GaAs semicon- 
ductor laser device in the range from about 200 to about 
300 meV. 

15 [0009] In view of the above-desaibed problems, the 
present invention was made in order to accomplish tiie 
objects of (1) providing a semiconductor laser device 
having low threshold current and exhibiting high slope 
efficiency over a wide temperature range and an optical 

20 comnrKjnication system using the same, and (2) provid- 
ing a method for producing an InN^ASyP^.^.y (where 
0<x<1 and 0^y<1) mixed crystal having excellent crys- 
tallinity suitable for the active layer of tiie semiconductor 
laser device. 

25 

SUMMARY OF THE INVENTION 

[0010] In order to accomplish tiie above-described 
oljject, according to the present invention, an 
30 lnNxASyPi.x.y (where 0<x< 1 and 0§y<1) layer that is 
lattfoe-matched witii a GaAs substrate, a GaP substrate 
or an Si substrate is used as tiie active layer, thereby 
realizing a semiconductor laser device oscillating on a 
wavelength band suitable for optical communication and 
35 having AEc of 200 meV or more. 

[001 1 ] A semiconductor laser device according to tiie 
present invention includes a GaAs substrate and a 
multi-layer structure formed on tiie GaAs substrate. The 
multi-layer sti'ucture includes an active layer for emitting 
light. The active layer includes an lnNxASyPi.x.y (where 
0<x<1 and Osy<l) layer that is lattice-matched witii the 
GaAs substrate. 

[001 2] By emptoying such a structure, a semiconduc- 
tor laser device for long<Jistance optical communica- 
tions (band gap energy is on the band from 1.1 to 1.6 
Mm) is realized by using a GaAs substrate. This is 
because the band gap energy of the InNxASyPi.x-y 
(where 0<x<1 and 0^y<1) layer that is lattice-matched 
with tiie GaAs substrate decreases owing to the bowing 
effect to be an optimum value for laser oscillation on the 
band from 1 .1 to 1 .6 ^m. In addition, since the decrease 
in tiie conduction band level of the InNxASyPi.x-y (where 
0<x<1 and 0sy<i) layer owing to tiie bowing effect is 
more remarkable ttian tiie decrease in tiie valence band 
level tiiereof . AEc can be increased to 200 meV or more 
in tiie multi-layer sti'ucture. Thus, even when the energy 
of the carriers inaeases because of tiie rise in temper- 
ature and/or temperature of tiie semiconductor laser 
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device itself, the increase in number of carriers over- 
flowing from the active layer can be suppressed. There- 
fore, the semiconductor laser device can shov\^ excellent 
performance in terms of temperature characteristics. 
[001 3] In one embodiment, the active layer preferably 
has a quantum well structure including at least one well 
layer and at least two barrier layers, and the well layer is 
preferably an InN^ASyPi^x-y (where 0<x<1 and 0Sy<1) 
layer. 

[0014] In such an embodiment, the carriers in the well 
layer behave as quantum mechanical wave propaga- 
tion. As a result, laser oscillation is realized by injecting 
a smaller amount of current. 

[001 51 In another embodiment, the barrier layers may 
be made of a material selected from the group consist- 
ing of AIGalnP. AIQaAs. GaAs. InQaAsP and InGaR 
[00161 In still another embodiment, the multi-layer 
structure may further include a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer and a sec- 
ond cladding layer and a contact layer, which have a 
different conductivity type from that of the substrate and 
are located above the active layer. And an electrode 
may be disposed on the contact layer to be in contact 
with each other in a stripe region. 
[001 7] In such an embodiment, the injected current is 
confined to the stripe region. As a result, the carriers 
can be confined transversally 
[0018] in still another embodim«it. a portion of the 
multi-layer structure, including the second cladding 
layer and the contact layer having the different conduc- 
tivity type from that of the substrate, may be fomied in a 
ridge shape. 

[0019] In such an emtxxJiment, the effective refractive 
index varies in a transverse direction in the ridge portion 
and the regions sandwiching the ridge portion. As a 
result, light can be confined transversally. 
[0020] In still another embodiment, the mutti-layer 
structure may further include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer; and a sec- 
ond cladding layer, which has a different conductivity 
type from that of the substrate and is located above the 
active layer. The second cladding layer having the differ- 
ent conductivity type from that of the substrate may 
have a ridge-shaped portion. A current blocking layer 
having the same conductivity type as that of the sub- 
strate may be disposed to sandwich the ridge-shaped 
portion therebetween. And a buried layer having the dif- 
ferent conductivity type from that of the substrate may 
be disposed on the current blocking layer. 
[0021] In such an embodiment carriers and light can 
be confined, and the reactive current can be reduced 
thanks to the function of the current trfocking layer. 
[0022] In still another embodiment, the cladding layers 
may be made of a material selected from the group con- 
sisting of GaAs. AIGaAs, InGaP and InOaAsR 
[0023] In still another en*odiment. the cladding lay- 



ers, the current blocking layer and the buried layer may 
be made of a material selected from the group consist- 
ing of GaAs. AIGaAs, InGaP and InGaAsR 
[0024] In still another embodiment, the multi-layer 
5 structure may further include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer; a second 
cladding layer, vyrtiich has a different conductivity type 
from that of the substrate and is located above the 
10 active layer; a current blocking layer, which has the 
same conductivity type as that of the substrate and is 
disposed above the second dadding layer having the 
different conductivity type from that of the substrate; 
and a buried layer, which has the different conductivity 
IS type from that of the substrate and is disposed above 
the current blocking layer. A part of the buried layer may 
be in contact with the second cladding layer having the 
different conductivity type from that of the substrate in a 
stripe region. 

20 [0025] In such an embodiment, carriers and light can 
be confined, and the reactive current can be reduced 
thanks to the function of the current blocking layer. 
[0026] In still another embodiment, the cladding lay- 
ers, the current blocking layer and the buried layer may 
25 be made of a material selected from the group consist- 
ing of GaAs. AIGaAs. InGaP and InGaAsR 
[Q027] In still another entKxjiment. the multi-layer 
structure may further include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
30 strate and is located below the active layer; and a sec- 
ond cladding layer and a contact layer, which have a 
different conductivity type from that of the substrate and 
are located above the active layer. A part of the GaAs 
substrate and a portion including the cladding layers 
35 and the active layer may be formed to have a mesa 
shape. Both side regions of the mesa may be filled in 
with a first current trfocking layer having the different 
conductivity type from that of the substrate and a sec- 
ond current blocking layer having the same conductivity 
40 type as that of the substrate. A buried layer having the 
different conductivity type from that of the substrate may 
be disposed over the second cun^ent blocking layer. 
[0028] In such an embodiment, two current blocking 
layers having mutually afferent conductivity types con- 
45 fine the current to be injected into the mesa, thereby 
efficiently confining carriers and light and reducing the 
reactive current. 

[0029] In still another embodiment, the cladding lay- 
ers, the current blocking layer and the buried layer nriay 
so be made of a material selected from the group consist- 
ing of GaAs. AIGaAs, InGaP and InGaAsR 
[0030] In still another embodiment, the multi-layer 
structure may further include: a semiconductor multi- 
layer mirror, which has the same conductivity type as 
55 that of the substrate and is located betow the active 
layer; and a semiconductor multi-layer minor, whteh has 
a different conductivity type from that of the substrate 
and is located above the active layer. The pair of semi- 
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conductor nujlti-layer mirrors may constitute a vertical 
laser cavity. And laser light generated inside the laser 
cavity may be emitted in a direction vertical to the sub- 
strate. 

[0031 1 By employing such a structure, a surlace-emit- s 
ting semi-conductor laser device for emitting laser light 
on a wavelength band suitable for optical communica- 
tion can be obtained. 

[0032] In still another embodiment, at least one of the 
pair of semiconductor multi-layer mirrors may include an io 
AlAs/GaAs multi-layer structure. 
[0033] In such an embodiment, a multi-layer mirror 
having a high reflectivity can be grown on a GaAs sub- 
strate and therefore a high-performance surlace-emlt- 
ting laser device can be provided. is 
[0034] In still another embodiment, at least one of the 
pair of semiconductor multi-layer mirrors may include an 
AlGaAs/GaAs multi-layer structure. 
[0035] Another semiconductor laser device according 
to the present invention includes a GaP substrate and a 20 
multi-layer structure formed on the GaP substrate. The 
multi-layer structure includes an active layer for emitting 
light. The active layer includes an InN^ASyP^.x-y (where 
0<x<l and 0^y<1) layer that is lattice-matched with the 
GaP substrate. 25 
[0036] By employing such a structure, a semiconduc- 
tor laser device for long-distance optical communica- 
tions (band gap energy is on the band from 1.1 to 1.6 
nm) is realized by using a GaP substrate. This Is 
because the band gap energy of the InNxASyPi.x.y 30 
(where 0<x<1 and 0^y<1) layer that Is lattice-matched 
with the GaP sut)Strate decreases owing to the bowing 
effect to be an optimum value for laser oscillation on the 
band from 1 .1 to 1 .6 nm. In addition, since the decrease 
in the conduction band level of the InN^ASyP^x-y (where 3S 
0<x<1 and 0^y<^) layer owing to the bowing effect is 
more remarkable than the decrease in the valence band 
level thereof. AEc can be Increased to 200 meV or more 
in the multi-layer structure. Since the lattice constant of 
GaP is smaller than that of GaAs. materials having even 4o 
larger band gap energy can be used. If the inNxASyPi.x- 
y (where 0<x<1 and 0sy<i) layer is sandwiched 
between a pair of layers made of a material having 
larger band gap energy, then AEc can be forther 
increased. 45 
[0037] In one embodiment, the active layer preferably 
has a quantum well structure including at least one well 
layer and at least two barrier layers, and the well layer is 
preferably an InNxASyPvx-y (where 0<x<1 and Osy<1) 
layer. 50 
[0038] In such an embodiment, the carriers in the well 
layer k>ehave as quantum mechanical wave propaga- 
tion. As a resuK. laser oscillation is realized by injecting 
a smaller amount of cunent. 

[0039] In another embodiment, the barrier layers may ss 
be made of GaNx^ASy^P^jfy (where 0<x*<1 and 
0^/<1). 

[0040] In Still another embodiment, the multi-layer 



structure may further include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer; and a sec- 
ond cladding layer and a contact layer, which have a 
different conductivity type from that of the substrate and 
are located above the active layer. And an electrode 
may be disposed on the contact layer to be in contact 
with each other in a stripe region. 
[0041 ] In such an embodiment the injected cun'ent is 
confined to the stripe region. As a result, the carriers 
can be confined transversally. 
[0042] In still another embodiment, a portion of the 
multi-layer structure, including the second cladding 
layer and the contact layer having the different conduc- 
tivity type from that of the substrate, may be formed in a 
ridge shape. 

[0043] In such an embodiment, the effective refractive 
index varies in a transverse direction in the ridge portion 
and the regions sandwiching the ridge portion. As a 
result, light can be confined transversally 
[0044] In still another emkxxliment, the multi-layer 
structure may further Include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer; and a sec- 
ond cladding layer, which has a different conductivity 
type from tha^ of the substrate and is located above the 
active layer. The second cladding layer having the differ- 
ent conductivity type from that of the substrate may 
have a rIdge-shaped portion. A cunrent blocking layer 
having the same conductivity type as that of the sub- 
strate may be disposed to sandwich the ridge-shaped 
portion therebetween. And a buried layer having the dif- 
ferent conductivity type from that of the substrate may 
be disposed on the cunrent blocking layer. 
[0045] In such an embodiment, carriers and light can 
be confined, and the reactive current can be reduced 
thanks to the function of the current blocking layer 
[0046] In still another embodiment the cladding layers 
may be made of GaP. 

[0047] In still another embodiment, the cladding lay- 
ers, the cun'ent blocking layer and the buried layer may 
be made of GaP. 

[0048] In still another embodiment, the multi-layer 
structure may forther Include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer; a second 
cladding layer, which has a different conductivity type 
from that of the substrate and Is located above the 
active layer; a current blocking layer, which has the 
same conductivity type as that of the substrate and is 
disposed above the second cladding layer having the 
different conductivity type from that of the substrate; 
and a buried layer, which has the different conductivity 
type from that of the substrate and is disposed above 
the curent blocking layer. A part of the buried layer may 
be in contact wrth the second dadding layer having the 
different conductivity type from that of the substrate in a 
stripe region. 
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[0049] In still another embodiment, the cladding lay- 
ers, the current blocking layer and the burled layer may 
be made of GaR 

[0050] In still another embodiment, the multi-layer 
structure may further include: a first cladding layer, 
which has the same conductivity type as that of the sub- 
strate and is located below the active layer; and a sec- 
ond cladding layer and a contact layer, which have a 
different conductivity type from that of the substrate and 
are located above the active layer, A part of the GaP 
substrate and a portion including the cladding layers 
and the active layer may be formed to have a mesa 
shape. Both side regions of the mesa may be filled in 
with a first cun-ent blocking layer having the different 
conductivity type from that of the substrate and a sec- 
ond cun^ent trfocking layer having the same conductivity 
type as that of the substrate. And a buried layer having 
the different conductivity type from that of the substrate 
may be disposed over the second current blocking layer. 
[0051] In such an embodiment, two current blocking 
layers having mutually different conductivity types con- 
fine the current to be injected into the mesa, thereby 
efficiently confining carriers and light and reducing the 
reactive cun^ent. 

[0052] In still another embodiment, the cladding lay- 
ers, the current blocking layers and the buried layer may 
be made of GaP. 

[0053] A still another semiconductor laser device 
according to the present invention includes an Si sub- 
strate and a multi-layer structure formed on the Si sub- 
strate. The multi-layer structure includes an active layer 
for emitting light The active layer includes an 
lnNxASyPi.x.y (where 0<x<1 and 0^y< 1) layer that is 
lattice-matched with the Si substrate. 
[0054] By employing such a structure, a semiconduc- 
tor laser device for long-distance optical communica- 
tions (band gap energy is on the t^and from 1.1 to 1.6 
^m) is realized by using an Si substrate. This is because 
the band gap energy of the InNxASyP^x-y (where 0<x<l 
and 0^y<l ) layer that is lattice-matched with the Si sub- 
strate decreases owing to the bowing effect to be an 
optimum value for laser oscillation on the t)and from 1.1 
to 1 .6 ^m. In addition, since the decrease in the conduc- 
tion band level off the InNxASyP^.x-y (where 0<x<1 and 
0^y<1 ) layer owing to the bowing effect Is more remark- 
able than the decrease in the valence band level 
thereof, AEc can be increased to 200 meV or more in 
the multi-layer structure. Thus, even when the energy of 
the carriers increases because of the rise in tempera- 
ture and/or temperature of the semiconducta laser 
device itself, the increase in number of carriers over- 
flowing from the active layer can be suppressed. There- 
fore, the semiconductor laser device can show excellent 
performance in terms of temperature characteristtes. 
[0055] In particular, since an Si substrate is used, a 
semiconductor laser device can be integrated with sem- 
iconductor integrated circuit components such as tran- 
sistors on a single substrate. 



[0056] In one embodiment, the active layer preferably 
has a c^jantum well structure including at least one well 
layer and at least two barrier layers. The well layer is 
preferably an InNxASyPi.x.y (where 0<x<1 and 0^y<1) 
5 layer. 

[0057] In such an embodiment, the carriers in the well 
layer behave as quantum mechanical wave propaga- 
tion. As a result, laser oscillation is realized by injecting 
a smaller amount of cun^ent. 
10 [0058] It is noted that the band gap energy of the bar- 
rier layers should be smaller than that of the cladding 
layer. 

[0059] The optical communication system of the 
present invention includes the semiconductor laser 

IS device having any of the above<lesaibed structures. 
[0060] A still another semiconductor laser device 
according to the present invention includes a GaAs sub- 
strate and a multi-layer structure formed on the GaAs 
sut>strate. The multi-layer structure includes an active 

20 layer for emitting light. The active layer includes an 
InNjjASyPvx.y (where 0<x<1 and 0sy<1) layer. And a 
transistor for supplying the active layer with cun^ent is 
integrated on the GaAs substrate. 
[0061] A still anotiier semiconductor laser device 

25 according to the present invention includes an Si sut>- 
strate and a multi-layer structure formed on the Si sub- 
strate. The multi-layer structure includes an active layer 
for emitting light. The active layer includes an 
InNxASyPvx-y (where 0<x<1 and 0^y<1) layer. And a 

30 transistor for supplying the active layer with current is 
integrated on the Si substrate. 
[0062] A still another semiconductor laser device 
according to the present invention includes an $i sub- 
strate and a multi-layer structure formed on the Si sub- 

35 strate. The multi-layer structure includes an active layer 
for emitting light. The active layer includes an 
lnNxASyPi.x-y (where 0<x<1 and 0^y<1) layer. And a 
recessed portion for supporting an optical layer. And a 
recessed portion for supporting an optical fiber receiv- 

40 ing laser tight emitted from the active layer is formed in 
the SI substrate. 

[0063] In one emt^odiment, at least part of the optical 
fiber may be supported by the recessed portion of the Si 
substrate. 

45 [0064] In anottier embodiment a transistor for supply- 
ing tiie active layer with current is preferably integrated 
on the Si substrata 

[0065] A method for fabricating a semiconductor laser 
device according to the present invention includes the 

so steps of: forming a multi-layer structure including an 
lnNxASyPi,x.y (where 0<x<1 and Osy<1) layer on a 
semiconductor substrate; fbmning a laser cavity and a 
reflective surface thereof by patterning the multi-layer 
structure: and forming a transistor on the semiconductor 

55 substrate. 

[0066] In one embodiment, the method may further 
include the step of forming a recessed portion for sup- 
porting an optical fiber receiving laser light emitted from 
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the active layer in the semiconductor substrate. 
[0067] In another embodiment, the method may fur- 
ther include the step o1 disposing at least part of the 
optical fiber in the recessed portion of the semiconduc- 
tor substrate. 

[0068] According to the method for producing a com- 
pound semi-conductor of the present invention, 
InNxASyPi.x-y (where 0<x<1 and Osy<1) is grown on a 
substrate, made of a semiconductor material selected 
from the group consisting of InR GaAs, GaP and Si. by 
the use of a gas containing arsenic, a gas containing 
phosphorus, an organometallic gas containing indium 
and an organometallic gas containing nitrogen. 
[0069] In one embodiment, the gas containing arsenic 
may be AsRs (arsine). 

[0070] In another embodiment, the gas containing 

phosphorus may be PH3 (phosphine). 

[0071 ] In still another embodiment, the gas containing 

arsenic may be As(C4H9)H2 (tertiarybutylarsine). 

[0072] in still another embodiment, the gas containing 

phosphorus may be P(C4H9)H2 (tertiarytxJtylphos- 

phine). 

[0073] In still another embodiment, the gas containing 
arsenic may be As(C4Hg)H2 (tertiarybutylarsine) and 
the gas containing phosphorus may be P(C4H9)H2 (ter- 
tiarybutylphosphine). 

[0074] In still another embodiment, the gas containing 
nitrogen may be an organometallic gas selected from 
the group consisting of CH3N2H3 (monomethylhydra- 
zine), (CH3)2N2H2 (dimethylhydrazine) and t-C4H9N2H3 
(tertiarybutylhydrazine) gases. 
[0075] In still another embodiment, an inert gas hav- 
ing a molecular weight larger than the molecular weight 
of hydrogen may be used as a carrier gas. 
[0076] In still another embodiment, nitrogen may be 
used as a carrier gas. 

[0077] In still another embodiment, argon may be 
used as a can'ler gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0078] 

Figure 1 A is a front view illustrating a semiconduc- 
tor laser device In tiie first embodiment of the 
present Invention, and Figure IB is an enlarged 
view showing the structure of the active layer 
thereof. 

Rgure 2 A is a front view illustrating a semiconduc- 
tor laser device in the second embodiment of tiie 
present invention, and Figure 2B is an enlarged 
view showing the structure of the active layer 
thereof. 

Rgure 3A is a front view illustrating a semiconduc- 
tor laser device in tiie tiiird embodiment of tiie 
present invention, and Figure SB is an enlarged 
view showing the structure of the active layer 
thereof. 



Figure 4A is a plan view Illustrating a semiconduc- 
tor laser device (vertical-laser cavity-type surface- 
emitting laser device) in the fourth embodiment of 
the present invention; Figure 4B is a cross-sec- 
5 tional view tiiereof; and Figure 4C is an enlarged 
view showing the structure of the active layer 
thereof. 

Rgure 5A is a front view illustrating a semiconduc- 
tor laser device in the fiftii embodiment of tiie 

10 present invention, and Figure 58 is an enlarged 
view showing the structure of the active layer 
thereof. 

Rgure 6A is a front view illustrating a semiconduc- 
tor laser device in the sixth embodiment of tiie 
15 present invention, and Figure 68 Is an enlarged 
view showing the structure of the active layer 
thereof. 

Rgure 7A is a front view illusti-ating a semiconduc- 
tor laser device in tiie seventh embodiment of tiie 
so present invention, and Figure 7B is an enlarged 
view showing tiie structure of the active layer 
tiiereof. 

Rgure 8A is a front view illustrating a semiconduc- 
tor laser device in tiie eightii embodiment of tiie 
25 present invention, and Rgure 8B Is an enlarged 
view showing the structure of tiie active layer 
thereof. 

Rgure 9A is a graph illustrating tiie relationships 
between the band gap energy of semiconductor 
30 materials used for the active layer of tiie semicon- 
ductor laser device according to the present inven- 
tion and the lattice constants tiiereof; and Rgure 98 
is a diagram showing the hand structures of InP 
and InNP 

35 Rgure 1 0 is a partially sectional perspective view of 
a conventional semiconductor laser device. 
Rgures 11 A through 11C illusti-ate a problem of a 
conventional semiconductor laser device: Figure 
11 A Is band gap energy diagram during tiie low- 

40 temperature operation tiiereof; Figure 1 1 B is band 
gap energy diagram during tiie high-temperature 
operation thereof; and Figure 11C is a graph illus- 
tBting the temperature dependence of the current- 
light characteristics. 

45 Rgure 12A is a partially sectional perspective view 
Qlustrating a semiconductor laser device (distrib- 
uted feedback semiconductor laser device) in tiie 
ninth embodiment of the present Invention; and Fig- 
ure 12B is an enlarged view showing the structure 

so of the active layer thereof. 

Rgure 13 is a diagram showing an arrangement for 
tiie optical convnunication system of the present 
invention. 

Rgure 14 is a perspective view illustrating a sen^'- 
55 conductor laser device in the eleventii embodiment 
of the present invention. 

Figure 15 is a perspective view illusb'ating a semi- 
conductor laser device in tiie twelftii embodiment of 
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the present invention. 

Figures 16A through 16D are perspective views 
illustrating a method for fabricating a semiconductor 
laser device In the thirteenth embodiment of the 
present invention. 

Figure 17 is a cross-sectional view Illustrating a 
transistor section in the semiconductor laser device 
of the present Invention. 

Figure 18 Is a diagram illustrating a method for 

growing InNAsP mixed crystals in the fourteenth 

embodiment of the present invention. 

Figure 19 is a diagram illustrating a method for 

growing InNAsP mixed crystals in the fifteenth 

embodiment of the present Invention. 

Figure 20A is a diagram showing a crystal growth 

process where hydrogen is used as a carrier gas. 

and Figure 20B is a diagram showing a crystal 

growth process where nitrogen is used as a carrier 

gas. 

Figure 21 is a graph showing the relationships 
between the flow rate of dimethylhydrazine and the 
mole fraction of N where hydrogen and nitrogen are 
used as respective canrier gases. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0079] Figure 9A illustrates the relationships between 
the band gap energy of Group lll-V compound semicon- 
ductors and lattice constants thereof. The lattice con- 
stant of InNxPvx (where 0< x<1, hereinafter simply 
refened to as "InNP"), which is a mixed crystal of InP 
and tnN. can be matched with that of GaAs. GaP or Si 
by setting the mole fractions of N (nitrogen) and P 
(phosphorus) included therein at respective appropriate 
values. 

[0080] However, if an increasing amount of nitrogen 
(N) Is added to InP, the band gap of the resulting tertiary 
mixed aystal Is expected to linearly increase to be 
closer to the band gap energy of InNP. Thus, In such a 
case, the t)and gap energy of the mixed crystal has con- 
ventionally been regarded as becoming more and more 
distant from the band gap energy suitable for optical 
communication (the oscillation wave-length is on the 
band from 1.1 to 1.6 jim). Accordingly, when InGaAsP 
or InPAs is used as a material for the active layer of a 
semiconductor laser device, an InP substrate is always 
used, and one has never run a risk of using a substrate 
made of a material having a smaller lattice constant 
than that of InR 

[0081 ] The present inventors found that If nitrogen (N) 
is gradually added to InP or if phosphorus (P) is added 
little by little to InN. then the resulting band gap energy 
decreases as shown In Rgure 9A (this is the "bowing 
phenomenon^. Thus, even If N is added In such a man- 
ner as to match the lattice constant with that of GaAs. 
GaP or Si, the resulting band gap energy is smaller than 
those of InP and InN and is located on the band of 1 .1 



to 1 .6 vim. which Is used for optical communication. 
[0082] Since the bowing effect of the band gap energy, 
found by the present inventors, occur primarily on the 
conduction band. AEc becomes very large to exceed 

5 200 meV. This phenomenon will be described with refer- 
ence to Figure SB. Figure 9B illustrates the band struc- 
tures of InP and InNP As shown in Figure 9B, if InP has 
been turned into InNP by adding 70% or less of N. the 
band gap energy of InNP Eg(lnNP) is smaller than the 

10 band gap energy of InP Eg(lnP]. The energy Ev on the 
valence band hardly changes before and after this addi- 
tion, whereas the energy Ec on the conduction band 
decreases after the addition of N. If such an InNP layer 
Is sandwiched between a pair of layers of GaAs. GaP or 

IS AlGaAs, then AEc as large as 200 meV or more is real- 
ized. In particular, If a GaAs substrate Is used, then 
AlGaAs layers, which cannot be crystal-grown on an InP 
substrate, can be grown on the GaAs substrate, and 
these layers can be used as cladding layers and barrier 

so layers. Consequently, it is possible to realize a structure 
more suitable for the confinement of carriers than a 
structure using an InP substrate. 
[0083] It is noted that the lattice constant of 
InNxASyPi.x-y (where 0<x<1 and 0<y<1. hereinafter 

25 singly referred to as "InNAsP'l. which is a mixed crystal 
of InP. InN and InAs. can also be matched with that of 
GaAs, GaP or Si in the same way as InNR The band 
gap energy thereof can also be adjusted to show values 
on the band of 1.1 to 1.6 jim. If the mole fractions of P. 

30 N and As are appropriately set tor InNAsP, then the lat- 
tice constant and the band gap energy thereof can be 
controlled over a wider range than that of InNP. 
[0084] In this specification, "InNP" and "InNAsP" will 
both be represented by InNxASyPi.x-y (where 0<x<1 

35 andOsy<l). 

[0085] Hereinafter, the preferred embodiments of the 
present invention wilt be described with reference to the 
accompanying drawings. 



[0086] Figure 1 A is a front view of a semiconductor 
laser device in the first emlxxliment of the present 
invention. The oscillation wavelength of the semicon- 
ductor laser device is In the vicinity of 1 .3 |im. 
[0087] The semiconductor laser device includes an n- 
type GaAs sut)strate 1 and a mult-layer structure 
formed on the n-type GaAs substrate 1 . The multi-layer 
structure includes: an n-type GaAs buffer layer 2 having 
a thickness of 1 ^m; an n-type AIo.5Gao.5As cladding 
layer 3 having a thickness of 1 .5 ^ m; an n-type GaAs 
light confinement layer 4 having a thickness of 100 nm: 
an active layer 5: a p-type GaAs light confinement layer 
6 having a thickness of 100 nm; a p-type Alo.5Gao.5As 
dadding layer 7 having a thickness of 2.0 ^m at the 
center portion; and a p-type GaAs contact layer 8 hav- 
ing a thickness of 1 jim. all of these layers being stacked 
in this order on the GaAs substrate 1. In this enribodl- 
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ment, parts of the cladding layer 7 are etched away, 
thereby forming a stripe-shaped ridge structure for 
adjusting the transverse mode of the laser light. An SIO2 
insulating film 49 is deposited over the multi-layer struc- 
ture, i.e.. on the p-type cladding layer 7. and a p-side 
electrode 9 is disposed on the layer 49. The p-side elec- 
trode 9 is in contact with the contact layer 8 through 
stripe-shaped openings formed in the Si02 insulating 
film 49. An n-side electrode 10 Is formed on the reverse 
surface of the n-type GaAs substrate 1. face of the n- 
typeOaAs substrate 1. 

[0088] Figure IB is an enlarged view of the active 
layer 5. The active layer 5 has a quantum well structure 
in which a pair of GaAs barrier layers 11 sandwich an 
InNAsP well layer 12 therebetween. The mole fractions 
and the thickness of the InNAsP well layer 12 are set 
such that the oscillation wavelength of the laser device 
is in the vicinity of 1.3 ^m. A lattice distortion (strain) 
from -1 .5% to +1 .5% with respect to GaAs is applied to 
the InNAsP well layer 12. By employing such a struc- 
ture, the band offset AEc between the GaAs barrier lay- 
ers 11 and the InNAsP well layer 12 on the conduction 
band can be set at 200 meV or more and the band offset 
AEv therebetween on the valence band can be set at 
100 meV or less. Tlius, even when the tenrperature 
rises, electrons can be confined sufficiently and the 
resulting characteristics are not deteriorated. 
10089] In this embodiment, the well layer 1 2 is made 
of InNAsR Alternatively, the same effects can be 
attained if the well layer 1 2 is made of InNR Though the 
number of the well layer 1 2 in the active layer 5 is one in 
this embodiment, the number may be two or more. i.e.. 
a multiple quantum well structure may be employed. 
10090] In this embodiment, the barrier layers 11 and 
the light confinement layers 4 and 6 are made of GaAs. 
Alternatively, any of InGaAsP. InGaP, AIGaAs and 
AIGalnP may be used instead. Though the light confine- 
ment layers 4 and 6 are made of a single kind of mate- 
rial, each of these layers may be made of two or more 
kinds of materials having mutually different band gap 
energy values, which are selected from InGaAsP, 
InGaP, AIGaAs and AIGalnR The cladding layers 3 and 
7 are made of AIGaAs. Afternatively, any of InGaAsP, 
InGaP and AIGalnP that is latttoe-matched with GaAs 
may be used instead. 

[0091] Moreover, though the oscillation wavelength of 
the laser device in this embodiment is on the band of 1 .3 
urn, the wavelength may be on the band of 1 .55 ^m or 
on any other arbitrary band. 

[0092] The laser device of this embodiment is a Fabry- 
Perottype laser device. Alternatively, the present inven- 
tion is also applicable to a distributed feedback semi- 
conductor laser device (DFB laser device) in which a 
diffraction grating is formed in the vicinity of the active 
layer {e.g.. in a region of the substrate in the vicinity of 
the active layer). 



EMBODIMENT 2 



[0093] Figure 2A is a front view of a semiconductor 
laser device in the second embodiment of the present 
■5 invention. The oscillation wavelength of the semicon- 
ductor laser device is in the vicinity of 1 .3 ^m. 
[0094] The semiconductor laser device includes an n- 
type GaAs substrate 1 and a multi-layer structure 
formed on the n-type GaAs substrate 1 . The multi-layer 
10 structure includes: an n-type GaAs buffer layer 2 having 
a thickness of 1 urn; an n-type AI0.5Gao.5As cladding 
layer 3 having a thickness of 1.5 nm; an n-type GaAs 
light confinement layer 4 having a thickness of 100 nm; 
an active layer 5; a p-type GaAs light confinement layer 
15 6 having a thickness of 100 nm; and a p-type 
Ab.5Gao.5As cladding layer 7 having a thickness of 0.15 
Jim, all of these layers being stacked in this order on the 
GaAs substrate 1, In this embodiment, an n-type 
Alo,6Gao.4As current blocking layer 13 is deposited on 
20 the p-type cladding layer 7. Part of the current blocking 
layer 13 is etched away at the center thereof, thereby 
forming stripe-shaped openings. A p-type Alo.5Gao 5AS 
buried layer 14 having a thickness of 2.0 jun and a p- 
type GaAs contact layer 8 having a thickness of 1 ^m 
25 are stacked over the current blocking layer 1 3. The bur- 
ied layer 14 comes into contact with the cladding layer 7 
at the center in the stripe-shaped region extending in 
the direction of the laser cavity. The cun^ent vertically 
flows through this region. The width of the stripe regton 
30 is 2.5 nm. A p-side electrode 9 is in contact with the con- 
tact layer 8. An n-side electrode 10 is formed on the 
reverse surface of the n-type GaAs substrate 1 . 
[0095] Figure 2B is an enlarged view of the active 
layer 5. The active layer 5 has a quantum well structure 
35 in which a pair of GaAs barrier layers 1 1 sandwich an 
InNAsP well l^er 12 therebetween. The mole fractions 
and the thickness of the InNAsP well layer 12 are set 
such that the oscillation wavelength of the laser device 
is in the vicinity of 1.3 jim. A lattice distortion (strain) 
40 from -1 .5% to +1 .5% with respect to GaAs is applied to 
tile InNAsP well layer 12. 

[0096] By employing such a structure, the band offset 
AEc between ttie GaAs barrier layers 11 and ttie 
InNAsP well layer 12 on the conduction band can be set 
45 at 200 meV or more and the band offset AEv therebe- 
tween on tile valence band can be set at 100 meV or 
less. Thus, even when ttie temperature rises, elecfrons 
can be confined sufficientiy and the resulting character- 
istics of the device are not deteriorated. 
50 [0097] Moreover, since tfie laser device of tfiis embod- 
iment has a real refractive index type waveguide struc- 
ture, ttie laser device can be oscillated stably in a single 
tiansverse mode. In ttiis embodiment, the well layer 12 
is made of InNAsP Alternatively ttie same effects can 
55 be attained if ttie well layer 12 is made of InNR 

[0098] Though the number of the well layer 1 2 is one 
in this embodiment, ttie number may be two or more. In 
tills embodiment, ttie barrier layers 1 1 and ttie light con- 
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f inement layers 4 and 6 are made of GaAs. Alternatively, 
any of InGaAsP. InGaP. AIGaAs and AIGalnP may be 
used instead. 

[0099] Though the light confinement layers 4 and 6 
are made of a single kind of material, each of these lay- 
ers may be made of two or more kinds of materials hav- 
ing mutually different band gap energy values, which 
are selected from InGaAsP. InGap. AIGaAs and 
AIGalnR The cladding layers 3 and 7 are made of 
AIGaAs. Alternatively, any of InGaAsP, InGaP and 
AIGalnP ttiat Is lattice-matched with GaAs may be used 
instead. 

[01 00] Moreover, though the oscillation wavelength of 
the laser device in this emtxxliment is on the band of 1 .3 
^im, the wavelength may be on the band of 1.55 jim or 
on any other arbitrary band. 
[0101] The laser device of this embodiment is a Fabry- 
Perot type laser device. Alternatively, the present inven- 
tion is also applicable to a distributed feedback semi- 
conductor laser device (DFB laser device) in which a 
diffraction grating is formed in the vicinity of the active 
layer (e.g., in a region of the substrate in the vicinity of 
the active layer). 

EMBODIMENTS 

[0102] Figure 3 A is a front view of a semiconductor 
laser device in the third embodiment of the present 
invention. The oscillation wavelength of the semicon- 
ductor laser device is in the vicinity of 1.3 jun. 
[01 03] The semiconductor laser device includes an n- 
type GaAs substrate 1 and a multi-layer structure 
famed on the n-type GaAs substrate 1. The multi-layer 
structure includes: an n-type GaAs buffer layer (not 
shown) having a thickness of 1 ^m; an n-type 
Ino gGao 5P cladding layer 15 having a thickness ; an n- 
type Ino sGao.sP cladding layer 15 having a thickness of 
1 .5 ^m; an n-type GaAs light confinement layer 4 having 
a thickness of 100 nm; an active layer 5; a p-type GaAs 
light confinement layer 6 having a thickness of 100 nm; 
and a p-type lno.5Gao.5P cladding layer 16 having a 
thickness of 0.2 pm. all of these layers being stacked in 
this order on the n-type GaAs substrate 1 . The multi- 
layer film including the n-type cladding layer 15, the n- 
type light confinement layer 4. the active layer 5. the p- 
type light confinement layer 6 and the p-type cladding 
layer 16 Is etched, thereby fonming a stripe-shaped 
mesa extending in the laser cavity cBreclion. 
[01 04] A p-type Ino gGao.sP current blocking layer 1 7 
and an n-type lno.5Gao.5P current blocking layer 18 are 
stacked on both sides of the mesa. A p-type lno.5Gao.5P 
buried layer 19 having a thickness of 2.0 \irr\ and a p- 
type GaAs contact layer 8 having a thickness of 1 \im 
are stacked over the cun-ent blocking layer 18 and the p- 
type cladding layer 16. Current vertically flows through 
this mesa. The width of the mesa is 1.5 jim. A p-side 
electrode 9 is in contact with the contact layer 8. An n- 
side electrode 1 0 is formed on the reverse surface of the 



n-type GaAs substrate 1 . 

[0105] Figure 3B is an enlarged view of the active 
layer 5. The active layer 5 includes a pair of GaAs bar- 
rier layers 11 and an InNAsP well layer 12. The mole 
5 fractions and the thickness of the InNAsP well layer 12 
are set such that the oscillation wavelength of the laser 
device is in the vicinity of 1.3 ^m. A lattice distortion 
(strain) from -1.5% to +1.5% with respect to (3aAs is 
applied to the InNAsP well layer 12. 
10 [01 06] By employing such a structure, the band offset 
AEc between the GaAs barrier layers 11 and the 
InNAsP well layer 1 2 on the conduction band can iDe set 
at 200 meV or more and the band offset AEv therebe- 
tween on the valence band can be set at 100 meV or 
15 less. Thus, even when the tennperature rises, electrons 
can be confined sufficiently and the resulting character- 
istics of the laser device are not deteriorated. Moreover, 
since the laser device of this embodiment has a real 
refractive index type waveguide structure, the laser 
20 device can be oscillated stably in a single transverse 
mode. In addition, since the current flows only through 
the active layer 5 in the mesa, current components not 
contrtt)uting to the oscillation can be considerably 
reduced and cun^ent characteristics having a lew 
25 threshold value are realized. 

[0107] In this embodiment, the well layer 12 is made 
of InNAsP Alternatively, the same effects can be 
attained if the well layer 1 2 Is made of InNR Though the 
nunt^r of the well layer 12 is one in this embodiment. 
30 the number may be two or more. In this embodiment, 
the barrier layers 11 and the light confinement layers 4 
and 6 are made of GaAs. Alternatively, InGaAsP may be 
used instead. Though the light confinement layers 4 and 
6 are made of a single kind Off material, each of these 
35 layers may be made of InGaAsP with two or more sets 
of mole fractions. The cladding layers 15 and 16 are 
made of InGaP AHernatively, InGaAsP that is lattice- 
matched with GaAs and has larger band gap energy 
than that of the barrier layers 1 1 may be used instead. 
40 [01 08] Moreover, though the osdllatton wavelength of 
the laser device in this embodiment is on the band off 1 .3 
Jim. the wavelength may be on the band of 1.55 pm or 
on any other art)itrary band The laser device of this 
embodiment is a Fabry-Perol type laser device. Alterna- 
45 tively, the present invention is also applicable to a dis- 
tributed feedback semiconductor laser device (DFB 
laser device) In which a diffraction grating is formed in 
the vicinity of the active layer (e.g.. in a region of the 
substrate in the vicinity of the active layer). 

50 

EMBODIMENT 4 

[0109] Figure 4A Is a plan view of a semiconductor 
laser device (vertical-laser cavity-type surface-emitting 
55 laser device) in the fourth embodiment of the present 
invention, and Figure 48 is a cross-sectional view of the 
center portion thereof. The oscillation wavelength of the 
semiconductor laser device Is in the vicinity of 1.3 tim. 
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[01 1 0] The semiconductor laser device includes an n- 
type GaAs substrate 1 and a multi-layer structure 
formed on the n-type GaAs substrate 1. The multi-layer 
structure includes: an n-type GaAs buffer layer 2 having 
a thickness of 1 ^rni; an n-type semiconductor multi- 
layer reflective mirror 20; an n-type GaAs light confine- 
ment layer 4 having a thickness of 100 nm; an active 
layer 5; a p-type GaAs light confinement layer 6 having 
a thickness of 100 nm; a p-type semiconductor multi- 
layer reflective mirror 21; and a p-type GaAs contact 
layer 8 having a thickness of 1 jim, all of these layers 
being stacked in this order on the n-type GaAs substrate 
1. 

10111] The p-type semiconductor multi-layer reflective 
mirror 21 and the p-type GaAs contact layer 8 have 
been etched to constitute a circular mesa, the diameter 
of which is 50 Jim. 

[01 12] A current confinement structure including an 
AlAs region 22 and an aluminum oxide region 23 is 
formed between the p-type GaAs light confinement 
layer 6 and the p-type semiconductor multi-layer reflec- 
tive mirror 21. The current confinement structure is 
divided into the central AlAs region 22 having a diame- 
ter of 5 ^m and the aluminum oxide region 23 sun-ound- 
ing the AlAs region 22 and having electrically insulating 
properties. Current f kws only through the AlAs region 
22 so as to be injected info the active layer 5. The alu- 
minum oxide region 23 is formed by selectively oxidizing 
the peripheral region of the AlAs layer. 
[01 1 3] The n-type semiconductor multi-layer reflective 
mirror 20 has a structure including afternately stacked 
28 AlAs layers and 28 GaAs layers, while the p-type 
semiconductor multi-layer reflective minor 21 has a 
structure including alternately stacked 30 
Alo.67Gao.33As layers and 30 GaAs layers. The thick- 
ness of each layer is 1.3 ^m to maximize the overall 
reflectivity thereof. 

[01 14] A p-side electrode 9 is in contact with the con- 
tact layer 8. An n-side electrode 10 is formed on the 
reverse surface of the n-type GaAs substrate 1. How- 
ever, in this embodiment, the n-side electrode 10 is not 
formed in a center region, con-esponding to the bottom 
of the circular mesa, of the reverse surface of the n-type 
GaAs substrate 1 . By utilizing such a structure, the laser 
light can be emitted through the n-type GaAs substrate 
1. 

[0115] Figure 4C is an enlarged view of the active 
layer 5. The active le^er 5 includes a pair of GaAs bar- 
rier layers 11 and an InNAsP well layer 12. The mole 
fractions and the thickness of the InNAsP well layer 12 
are set such that the oscillation wavelength of the laser 
device is in the vicinity off 1.3 nm. A lattice distortion 
(strain) from -1.5% to +1.5% with respect to GaAs is 
applied to the InNAsP well layer 12. 
[01 1 6] By employing such a structure, the band offset 
AEc between the GaAs barrier layers 11 and the 
InNAsP well layer 12 on the conduction band can be set 
at 200 meV or more and the band offset AEv therebe- 



tween on the valence band can be set at 100 meV or 
less. Thus, even when the temperature rises, electrons 
can be conf^ed sufficiently and the resulting character- 
istics of the laser device are not deteriorated. Further- 

5 more, since an AI(Ga) As/GaAs multi-layer film, enabling 
very high reflectivity, can be used as the semiconductor 
multi-layer reflective minor, characteristics having a low 
threshold value are realized. If an InP substrate is used, 
as has conventionally been done, the AI(Ga)As/GaAs 

10 multi-layer film cannot be epitaxially grown on the InP 
substrate, and it has been necessary to attach the 
AI(Ga)As/GaAs multi-layer mirror to the InP substrate. 
However, in this embodiment, since a GaAs substrate is 
used, a surface-emitting semiconductor laser device 

15 with a multi-layer mlnror having high reflectivity can be 
provided with lower costs. 

[01 1 7] In this embodiment, the well layer 1 2 is made 
of InNAsP. Alternatively, the same effects can be 
attained if the well layer 12 is made of InNP. Though the 

20 number of the well layer 12 is one In this embodiment, 
the number may be two or more. In this embodiment, 
the barrier layers 1 1 and the light confinement layers 4 
and 6 are made of GaAs. Alternatively, any of InGaAsP, 
InGaR AlGaAs and AIGalnP may be used instead. 

25 Though the light confinement layers 4 and 6 are made 
of a single kind of material, each of these layers may be 
made of two or more kinds of materials having mutually 
different band gap energy values, which are selected 
from InGaAsP, InGaP, AlGaAs and AIGalnR 

30 [01 1 8] Moreover, though the oscillation wavelength of 
the laser device in this embodiment is on the band of 1 .3 

ixm. the wavelength may be on the band of 1.55 nm or 
on any other arbitrary band. 

35 EMBODIMENTS 



[0119] Figure 5A is a front view of a semiconductor 
laser device in the fifth embodiment of the present 
invention. The oscillation wavelength of the semicon- 
40 ductor laser device is in the vicinity of 1 .3 ^m. 

[01 20] The semiconductor laser device includes an n- 
type GaP substrate 25 and a multi-layer structure 
formed on the n-type GaP substrate 25. The multi-layer 
structure includes: an n-type GaP cladding layer 26 hav- 
45 ing a thickness of 1.5 \m; an n-type GaN^-ASyPi.^. / 
(where 0<x'<1 and 0^/<1) (hereinafter, simply referred 
to as "GaNAsPT light confinement layer 27; an active 
layer 28; a p-type GaNAsP light confinement layer 29; a 
p-type GaP cladding layer 30 having a thickness of 2.0 
50 lixn at the center portion; and a p-type GaP contact layer 
31 having a thickness of 1 ^m. all of these layers being 
stacked in this order on the n-type GaP substrate 25. 
[01 21 ] In this embodiment, parts of the cladding layer 
30 are etched away, thereby forming a stripe-shaped 
55 ridge structure for adjusting the transverse mode of the 
laser light. An SiOa insulating film 49 is deposited over 
the multi-layer structure, i.e., on tiie p-type cladding 
layer 30, and a p-side electrode 9 is disposed on the 
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layer 49. The p-slde electrode 9 is in contact with the 
contact layer 31 through stripe-shaped openings 
formed in the Si02 insulating film 49. An n-side elec- 
trode 10 is formed on the reverse surface of the n-type 
GaP substrate 25. 

[0122] Figure SB is an enlarged view of the active 
layer 28. The active layer 28 includes a pair of GaNAsP 
barrier layers 32 and an InNAsP well layer 12. The mole 
fractions and the thickness of the InNAsP well layer 12 
are set such that the oscillation wavelength of the laser 
device Is in the vicinity of 1.3 ^m. A lattice distortion 
(strain) from -1.5% to +1.5% with respect to GaP is 
applied to the InNAsP well layer 12. 
[01 23] By employing such a stmcture, the band offset 
AEc between the GaNAsP barrier layers 32 and the 
InNAsP well layer 12 on the conduction band can be set 
at 500 meV or more, which is larger than that of a struc- 
ture using a GaAs substrate. Thus, even when the tem- 
perature rises, electrons can be confined sufficiently 
and the resulting characteristics of the laser device are 
not deteriorated. 

[0124] In this embodiment, the well layer 12 Is made 
of InNAsP. Alternatively, the same effects can be 
attained if the well layer 1 2 is made of InNR Though the 
number of the well layer 12 is one in this embodiment, 
the number may be two or more. Though the light con- 
finement layers 27 and 29 are made of a single kind of 
material, each of these layers may be made of GaNAsP 
with two or more sets of mole fractions. 
[0125] Moreover, though the oscillation wavelength of 
the laser device in this embodiment is on the band of 1 .3 
Jim, the wavelength m^ be on the band of 1.55 ^m or 
on any other arbitrary band. The laser device of this 
embodiment is a Fabry-Perot type laser device. Alterna- 
tively the present invention is also applicable to a dis- 
tributed feedback semiconductor laser device (DFB 
laser device) in which a diffraction grating is fonned in 
the vicinity of the active layer (e.g., in a region of the 
substrate in the vicinity of the active layer). 

EMBODIMENT 6 

[0126] Figure 6A is a front view of a semiconductor 
laser device in the sixth embodiment of the present 
invention. The oscillation wavelength of the semicon- 
ductor laser device is in the vicinity of 1.3 jim. 
[01271 The semiconductor laser device Includes an n- 
type GaP substrate 25 and a multi-layer structure 
formed on the n-type GaP substrate 25. The multi-layer 
structure includes: an n-type GaP cladding layer 26 hav- 
ing a thickness of 1 .5 jim; an n-type GaNAsP light con- 
finement layer 27; an active layer 28; a p-type GaNAsP 
light confinement layer 29; and a p-type GaP cladding 
layer 30 having a thickness of 0.15 jim. all of these lay- 
ers being stacked in this order on the GaP substrate 25. 
In this embodiment, an n-type GaP cunrent blocking 
layer 33 Is deposited on the p-type cladding layer 30. 
Part of the current blocking layer 33 is etched aw^ at 



the center thereof. A p-type GaP burled layer 34 having 
a thickness of 2.0 ^m and a p-type GaP contact layer 31 
having a thickness of 1 jim are stacked over the cun-ent 
blocking layer 33. The buried layer 34 comes into direct 

5 contact with the cladding layer 30 at the center In the 
stripe-shaped region extending in the direction of the 
laser cavity. Current vertically flows through this region. 
The width of the stripe region is 2.5 ^m. A p-side elec- 
trode 9 is in contact with the contact layer 31 , An n-side 

70 electrode 10 is formed on the reverse surface of the n- 
type GaP substrate 25. 

[0128] Figure 68 is an enlarged view of the active 
layer 28. The active layer 28 includes a pair of GaNAsP 
ban^ier layers 32 and an InNAsP well layer 1 2. The mole 

15 fractions and the thickness of the InNAsP well layer 12 
are set such that the oscillation wavelength of the laser 
device is in the vicinity of 1.3 fim. A lattice distortion 
(strain) from -1.5% to +1.5% with respect to GaP is 
applied to the InNAsP well layer 12. 

20 [01 29] By employing such a structure, the band offset 
AEc between the GaNAsP barrier layers 32 and the 
InNAsP well layer 12 on the conduction band can be set 
at 500 meV or more, which is larger than that of a struc- 
ture using a GaAs substrate. Thus, even when the tem- 

25 perature rises, electrons can be confined sufficiently 
and the resulting characteristics of the laser device are 
not deteriorated. Moreover, since the current can be 
confined effectively, the threshokf current can be 
reduced. 

30 [01 30] In this embodiment, the well layer 1 2 is made 
of InNAsR Alternatively, the same effects can "be 
attained if the well layer 12 is made of InNR Though the 
nunrt}er of the well layer 12 is one in this embodiment, 
the number may be two or more. Though the light con- 

35 f inement layers 27 and 29 are made of a single kind of 
material, each of these layers may be made of GaNAsP 
with two or more s^s of mole fractions. 
[01 31 ] Moreover, though the oscillation wavelength of 
the laser device In this embodiment Is on the band of l .3 

40 pm, the wavelength may be on the band of 1 .55 pm or 
on any other arbitrary band. The laser device of this 
emtwdiment Is a Fabry-Perot type laser device. Alterna- 
tively, the present inverrtion is also applicable to a dis- 
tributed feedback semiconductor laser device (DFB 

45 laser device) in which a diffraction grating is formed in 
the vicinity of the active layer (e.g., in a region off the 
substrate in the vicinity of the active layer). 

EMBODIMENT 7 

so 

[01 32] Figure 7A is a front view of a semiconductor 
laser dey^ice in the sev^ith embodiment of the present 
invention. The oscillation wavelength of the semicon- 
ductor laser device is in the vninity of 1 .3 pm. 
55 [01 33] The semiconductor laser device includes an n- 
type GaP substrate 25 and a multi-layer structure 
formed on the n-type GaP substrate 25. The multi-layer 
structure includes: an n-type GaP cladding layer 26 hav- 
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ing a thickness of 1 .5 urn; an n-type GaNAsP light cx>n- 
f Inement layer 27; an active layer 28: a p-type GaNAsP 
light confinement layer 29; and a p-type GaP cladding 
layer 30. all of these layers being stacked in this order 
on the n-type GaP substrate 25. The multi-layer struc- 
ture including the n-type cladding layer 26, the n-type 
light confinement layer 27, the active layer 28, the p- 
type light confinement layer 29 and the p-type cladding 
layer 30 is etched, thereby forming a stripe-shaped 
mesa extending in the laser cavity direction. A p-type 
GaP current blocking layer 35 .and an n-type GaP cur- 
rent blocking layer 36 are stacked on both sides of the 
mesa. A p-type GaP buried layer 37 having a thickness 
of 2.0 urn and a p-type GaP contact layer 31 having a 
thickness of 1 ^m are stacked over the current bkx^king 
layer 36 and the p-type cladding layer 30. Cun'ent verti- 
cally flows through this mesa. The width of the mesa is 
1 .5 ^lm. A p-side electrode 9 is in contact with the con- 
tact layer 31. An n-side electrode 10 is formed on the 
reverse surface of the n-type GaP substrate 25. 
[0134] Figure 7B is an enlarged view of the active 
layer 28. The active layer 28 includes a pair of GaNAsP 
banrter layers 32 and an InNAsP well layer 12. The mole 
fractions and the thk:kness of the InNAsP well layer 12 
are set such that the oscillation wavelength of the laser 
device is in the vicinity of 1.3 um. A lattice distortion 
(strain) from -1.5% to +1.5% with respect to GaP Is 
applied to the InNAsP well layer 12. 
[0135] By employing such a structure, the band offset 
AEc between the GaNAsP barrier layers 32 and the 
InNAsP well layer 12 on the conduction band can be set 
at 500 meV or more, which is larger than that of a struc- 
ture using a GaAs substrate. Thus, even when the tem- 
perature rises, electrons can be confined sufficiently 
and the resulting characteristics of the laser device are 
not deteriorated. Moreover, since the laser device of this 
embodiment has a real refractive index type waveguide 
structure, the laser device can be oscillated stably in a 
single transverse mode. In addition, since the current 
flows only through the active layer 28 in the mesa, cur- 
rent components not contributing to the laser light en^s- 
sion can be considerably reduced and current 
characteristics having a low threshold value are real- 
ized. 

[0136] In this embodiment, the well layer 12 is made 
of InNAsP. Alternatively, the same effects can be 
attained if the well layer 1 2 is made of InNP Though the 
number of tiie well layer 12 is one in this embodiment, 
the number may be two or more. Though the light con- 
finement layers 27 and 29 are made of a single kind of 
material, each of these layers may be made of GaNAsP 
with two or more sets of mole fractions. Moreover, 
though the oscillation wavelength of the laser device in 
this embodiment is on the band of 1.3 ^m. the wave- 
length may t)e on the band of 1 .55 jim or on any other 
arbitrary band. The laser device of this embodiment is a 
Fabry-Perot type laser device. Alternatively, the present 
invention is also applicable to a distrixited feedback 



semiconductor laser device (DFB laser device) in which 
a diffractton grating is formed in the vicinity of the active 
layer (e.g., in a region of the substrate in tiie vicinity of 
tiie active layer). 

5 

EMBODIMENTS 

[0137] Figure 8 A is a front view of a semiconductor 
laser device in the eighth embodiment of the present 

10 invention. The oscillation wavelength of the semicon- 
ductor laser device is in the vicinity of 1.3 jim. 
[01 38] The sennconductor laser device includes an n- 
type Si substrate 38 and a multi-layer structure formed 
on the n-type Si substrate 38, The multi-layer structure 

75 includes: an n-type GaNP cladding layer 39 having a 
thickness of 1.5 jim; an n-type InGaNP light confine- 
ment layer 40; an active layer 41 ; a p-type InGaNP light 
confinement layer 42; and a p-type GaNP cladding layer 
43. all of these layers being stacked in tiiis order on tiie 

20 n-type Si substrate 38. The multi-layer structure includ- 
ing the n-type cladding layer 39. the n-type light confine- 
ment layer 40, the active layer 41. tiie p-type light 
confinement layer 42 and the p-type cladding layer 43 Is 
etched, tiiereby forming a stripe-shaped mesa extend- 

25 ing in the laser cavity direction. A p-type GaNP cun-ent 
blocking layer 44 and an n-type GaNP cun-ent blocking 
layer 45 are stacked on both sides of tiie mesa. A p-type 
GaNP tsuried layer 46 having a thickness of 2.0 ^m and 
a p-type GaP contact layer 31 having a thickness of 0.3 

30 inm are stacked over the cunent trfocWng layer 45 and 
the p-type cladding layer 43. Current vertically flows 
ttirough tiiis mesa. The widtii of the mesa is 1 .5 ^un. A 
p-side electrode 9 is in contact with the contact layer 31 . 
An n-side electrode 10 is formed on the reverse surface 

35 of the n-type Si substrate 38. 

[0139] Figure 88 is an enlarged view of tiie active 
layer 41. The active layer 41 includes a pair of InGaNP 
barrier layers 47 and an InNAsP well layer 12. The mole 
fractions and the ttiickness of the InNAsP well layer 12 

40 are set such tiiat the oscillation wavelength of the laser 
device is in tiie vicinity of 1.3 ^m. A lattice distortion 
(sti-ain) from -1 .5% to -i-l .5% with respect to SI is applied 
to the InNAsP well layer 12. 

[0140] By employing such a structure, tiie band offset 
45 AEc between tiie InGaNP barrier layers 47 and the 
InNAsP well layer 12 on the conduction band can be set 
at 500 meV or more, which is larger tiian that of a struc- 
ture using a GaAs substrate. Thus, even when ttie tem- 
perature rises, elecb-ons can be confined sufficiently 
50 and tiie resulting characteristics of the laser device are 
not deteriorated. Moreover, since the laser de/ice of this 
embodiment has a real refractive index type waveguide 
structure, the laser device can be oscillated stably in a 
single transverse mode. In addition, since tiie cun-ent 
55 flows only tiirough the active layer 41 in tiie mesa, cur- 
rent components not contributing to tiie laser oscillation 
can be considerably reduced and cun-ent characteris- 
tics having a low tiireshokJ value are realized. Furtiier- 
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more, since the substrate is made of silicon, the costs 
required for the substrate can be significantly reduced 
as corrpared with a case of using a substrate made of a 
compound semiconductor. Also, it is easy to integrate 
the semiconductor laser device with other electronic 5 
devices. 

[0141] In this embodiment, the well layer 12 is made 
of InNAsP Alternatively, the same effects can be 
attained if the well layer 12 is made of InNR Though the 
number of the well layer 12 is one in this embodiment, 10 
the number may be two or more. Though the light con- 
f inement layers 40 and 42 are made of a single kind of 
material, each of these layers may be made of InGaNP 
with two or more sets of mole fractions. Moreover, 
though the oscillation wavelength of the laser device in is 
this embodiment is on the band of 1.3 jim, the wave- 
length may be on the band of 1 .55 ^m or on any other 
arbitrary band. The laser device of this embodiment is a 
Fabry-Perot type laser device. Alternatively, the present 
Invention is also applicable to a distributed feedback 20 
semiconductor laser device (DFB laser device) in which 
a diffraction grating is formed in the vicinity of the active 
layer (e.g., in a regton of the substrate in the vicinity of 
the active layer). 

EMBODIMENTS 

[0142] Figure 12A Is a partially sectional perspective 
view of a semiconductor laser device in the ninth 
embodiment of the present invention. The semiconduc- 
tor laser device of this embodiment is a distributed feed- 
back semtoonductor laser device (DFB laser device). 
The oscillation wavelength of the semiconductor laser 
device is in the vicinity of 1.3 ^m. 
[0143] The semiconductor laser device Includes an n- 
type GaAs substrate 1 and a multi-layer structure 
formed on the n-type GaAs substrate 1. The multi-layer 
structure Includes: an n-type GaAs buffer layer 2 having 
a thickness of 1 ixm; an n-type lno.5Gao.5P cladding 
layer 15 having a thickness of 1 .5 ^m; an n-type GaAs 
light confinement layer 4 having a thickness of 100 nm; 
an active layer 5; a p-type GaAs light confinement layer 
6 having a thickness of 100 nm; and a p-type 
lno.5Gao.5P cladding layer 16 having a thickness of 0.2 
^im, all of these layers being stacked in this order on the 
n-type GaAs substrate 1. The mutti-layer structure 
including the n-type lno.5Gao.5P cladding layer 15, the 
n-type GaAs light confinement layer 4. the active layer 
5, the p-type GaAs light confinement layer 6 and the p- 
type Ino.^ao.sP cladding layer 16 layer 6 and the p- 
type lno.5Gao.5P cladding layer 16 forms a stripe- 
shaped mesa extending in the laser cavity direction. A 
p-type lno.5Gao.5P current blocking layer 17 and an n- 
type Ino sGao.sP cun-enl blocking layer 18 are stacked 
on both sides of the mesa. A p-type lno.5Gao.5P buried 
layer 19 having a thickness of 2.0 jim and a p-type 
GaAs contact layer 8 having a thickness of 1 tim are 
stacked over the cunrent blocking layer 18 and the p- 



type cladding layer 16. Current vertically flows through 
this mesa. The width of the mesa is 1.5 ^im. A p-side 
electrode 9 is in contact with the contact layer 8. An n- 
side electrode 1 0 is formed on the reverse surface of the 
n-type GaAs substrate 1 . 

[0144] In this embodiment, after the n-type 
lno.5Giao.5P cladding layer 15 has been deposited and 
before the n-type GaAs light confinement layer 4 is 
deposited, a diffraction grating 49 is formed through 
etching. The diffraction grating 49 functions in such a 
manner as to stably oscillate the laser device in a single 
longitudinal mode. 

[0145] Figure 12B is an enlarged view of the active 
layer 5. The active layer 5 has a structure in which a pair 
of GaAs barrier layers 11 sandwich an InNAsP well 
layer 12 therebetween. The mde fractions and the 
thickness of the InNAsP well layer 12 are set such that 
the oscillation wavelength of the laser device is in the 
vicinity of 1 .3 ^m. A lattice distortion (strain) from -1.5% 
to +1 .5% with respect to GaAs is applied to the InNAsP 
well layer 12. 

[0146] By employing such a structure, the band offset 
AEc between the GaAs barrier layers 11 and the 
InNAsP well layer 1 2 on the conduction band can be set 
at 200 meV or more and the band offset AEv therebe- 
tween on the valence band can be set at 100 meV or 
less. Thus, even when the temperature rises, electrons 
can be confined sufficiently and the resulting character- 
istics of the laser devrce are not deteriorated. 
[0147] In this embodiment, the well layer 12 is made 
of InNAsP, Alternatively, the same effects can be 
attained if the well layer 1 2 is made of InNP. Though the 
number of the well layer 1 2 in the active layer 5 is one in 
this embodimient, the number may be two or nnore. 
[0148] In this embodiment, the barrier layers 11 and 
the light confinement layers 4 and 6 are made of GaAs. 
Alternatively, InGaAsP may be used instead. Though 
the light confinement layers 4 and 6 are made of a sin- 
gle kind of material, each of these layers may be made 
of InGaAsP with two or more sets of mole fractions. The 
dadding layers 15 and 16 are made of AIQaAs. Alterna- 
tively, InGaAsP that is lattice-matched with GaAs and 
has large band gap energy may be used instead. 
[01 49] Moreover, though the oscillatkm wavelength of 
the laser device in this embodiment is on the band of 1 .3 
Jim, the wavelength may be on the l>and of 1 .55 pm or 
on any other arbitrary band. 

EMBODIMENT 10 

[01 50] Figure 1 3 illustrates an exemplary arrangement 
of an optical communication system using, as a light 
source, the semiconductor laser device In one of the 
foregoing first to ninth embodiments. 
[0151] This system includes: a semiconductor laser 
device 51 of the present invention; an electric signal 
generator 54 for providing an electric signal to the sem- 
iconductor laser de/ice 51 and modulating the intensity 
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thereof; an optical fiber 52 for propagating the laser light 
(optical signals) 56 emitted from the semiconductor 
laser device 51 ; a lens 55 for condensing the laser light 
56 emitted from the semiconductor laser de^ce 51 onto 
the optical fiber 52; and a photodetector 53 for detecting 5 
the optical signals propagated through the optical fflDer 
52 and transducing the optical signals into electric sig- 
nals. By utilizing such an arrangement, audio signals, 
video signals and/or data can be transmitted through 
the optical fiber 52. 

[0152] In this embodiment, since the semiconductor 
laser device used as a signal light source can operate at 
a low threshold cun-ent value and with high-slope effi- 
ciency characteristics over a wide temperature range, 
signals of high f idelity can be transmitted without being is 
affected by the temperature so much. 
[01 53] It is noted that the lens is not an indispensable 
component. 



EMBODIMENT 11 



20 



[0154] Figure 14 illustrates a semiconductor laser 
device in the eleventh embodiment of the present inven- 
tion. The semi-conductor laser device of this embodi- 
ment includes a laser section 202 and a transistor 25 
section 203 that are integrated on the same semicon- 
ductor substrate. 

[0155] The laser section 202 includes a multi-layer 
stnjcture formed on a semi-insulating GaAs substrate 
201 . The multi-layer structure includes an InN^ASyPi.^.y 30 
(where 0<x<1 and 0^y<1) layer as an active layer. The 
specific structure of the laser section 202 may be that of 
the semiconductor laser device in any of the foregoing 
embodiments. The oscillation wavelength of the laser 
device is on the band from 1 . 1 to 1 .6 >im. 35 
[01561 In order to control the current to be injected into 
the laser section 202, the transistor section 203 is 
formed at a position distant from the laser section 202 
on the GaAs substrate 201. Both the laser section 202 
and the transistor section 203 include a semiconductor 40 
layer grown on the GaAs substrate 201 as a compo- 
nent The laser section 202 and the transistor section 
203 are bonded with the GaAs substrate 201 at atomic 
level. 

[0157] Figure 17 illustrates an exemplary aoss-sec- 45 
tional structure of the transistor section 203. As can be 
understood from Figure 17, the transistor section 203 
includes a plurality of semiconductor layers and elec- 
trodes that are all formed on a substrate 501 (i.e.. the 
substrate 201 shown In Figure 14). More specifically, an so 
n-GaAs layer 502 and an i-GaAs layer 503 are formed In 
this order on the substrate 501. An Al gate electrode 
505 is formed on the channel region of the i-GaAs layer 
503. An Au/Ge/Ni-Au electrode 506 and an Au electrode 
507 are formed over the source/drain regions of the i- ss 
GaAs layer 503 via an n*-GaAs layer 504. 
[0158] Refeffing back to Figure 14. the light emission 
surface 204 of the laser section 202 is coated with a 



low-reflection film. Another surface 205 of the laser sec- 
tion 202 is coated with a high-reflection film. A monitor- 
ing diode 21 1 for receiving monitoring light emitted from 
the surface 205 of the laser section 202 is disposed at a 
position on the GaAs substrate 201 so as to face the 
surface 205. 

[0159] On the upper surface of the GaAs substrate 
201, an electrode 206 connected to the laser section 
202 and electrodes 207 and 208 connected to the tran- 
sistor section 203 are provided. The laser section 202 
and the transistor section 203 are connected to each 
other by the electrode 21 0 and via a capacitor 209. 
[0160] In operation, direct cun-ent is supplied to the 
electrode 206. The current supplied from the electrode 
207 to the transistor section 203 is modulated by the 
transistor section 203. The modulated current is sup- 
plied to the laser section 202 via the capacitor 209. The 
modulation by the transistor section 203 is performed by 
the alternating current supplied to the electrode 208 
connected to the gate electrode (i.e.. the Al electrode 
505 shown in Figure 17) of the transistor section 203. 
[01 61 ] Conventionally, a separately formed laser sec- 
tion has been mounted, with solder or the like, on a 
GaAs substrate including transistors thereon. Thus, in a 
conventional device, it has been necessary to connect 
the transistor section to the laser section with lead wires 
such as Au wires. However, the lengths of lead wires are 
very likely to vary. Accordingly, the little variation in 
lengths of lead wires considerably changes the radio 
frequency characteristics of the laser device. 
[01 62] According to the present invention, it is possi- 
ble to form the laser section 202 for outputting laser light 
having a long wavelength on the GaAs substrate 201 
through crystal growth. Thus, the electrode 210 con- 
necting the ti-ansistor section 203 and the laser section 
202 to each other can be formed tiirough a tiiln film pat- 
terning process. Consequentiy. tiie variation in lengths 
and widths of the electrodes can be minimized, tiiereby 
solving the above-described problems. 
[0163] In this embodiment, the substrate Is made of 
GaAs. Alternatively, the substrate may be made of Si. 
The monitoring diode 211 may also be formed on the 
substrate 201 through crystal growth. It is noted that it is 
not always necessary to coat the laser section 202 with 
the low-reflection film or the high-reflection film. 

EMBODIMENT 12 

[0164] Figure 15 illustrates a semiconductor laser 
device in the twelfth embodiment of the present inven- 
tion. The semiconductor laser device of this embodi- 
ment includes a laser section 302 and a transistor 
section 303 that are integrated on tiie same semicon- 
ductor substrate. 

[0165] The laser section 302 includes a multi-layer 
structure formed on a semi-insulating Si substrate 301. 
The multi-layer structure includes an InN^^ASyP^.^.y 
(where 0<x<1 and 0^y<1) layer as an active layer. The 
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Specific structure of the laser section 302 may be that of 
the semiconductor laser device in any of the foregoing 
emtKxJiments. The oscillation wavelength of the laser 
device is on the band from 1 .1 to 1.6 ^m. 
[01 66] In order to control the current to be injected into 
the laser section 302, the transistor section 303 is 
formed at a position distant from the laser section 302 
on the Si substrate 301 . Both the laser section 302 and 
the transistor section 303 include a semiconductor layer 
grown on the Si substrate 301 as a component. The 
laser section 302 and the transistor section 303 are 
bonded with the Si substrate 301 at atomic level. 
[01 67] The light emission surface 304 of the laser sec- 
tion 302 is coated with a low-reflection film. Another sur- 
face 305 of the laser section 302 is coated with a high- 
reflection film. A monitoring diode 313 for receiving 
monitoring light emitted from the surface 305 of the 
laser section 302 is disposed at a position on the Si sub- 
strate 301 so as to face the surface 305. 
[0168] On the upper surface of the Si substrate 301 , 
an electrode 306 connected to the laser section 302 and 
electrodes 307 and 308 connected to the transistor sec- 
tion 303 are provided. The laser section 302 and the 
transistor section 303 are connected to each other by 
an electrode 310 and via a capacitor 309. 
[0169] In operation, direct current is supplied to the 
electrode 306. The current supplied from the electrode 
307 to the transistor section 303 is modulated by the 
transistor section 303. The modulated current is sup- 
plied to the laser section 302 via the capacitor 309. The 
modulation by the transistor section 303 is performed by 
the alternating current supplied to the electrode 308 
connected to the gate electrode (i.e.. the Al electrode 
505 shown in Figure 17) of the transistor section 303, 
[01 70] A V-shaped groove 31 1 is formed in surface of 
the Si substrate 301 In the vicinity of the light emission 
surface 304 of the laser section 302. and supports and 
fixes an optical fiber 312. The laser light emitted from 
the laser section 302 Is directly coupled to the optical 
fiber 312. 

[0171] In a conventional structure, a laser section for 
outputting laser light on a long wavelength band cannot 
be formed on a GaAs substrate through crystal growth. 
Also, in a conventional structure, it is impossible to set 
the positional alignment accuracy between the groove 
and the laser section at 1 jim or less, and the efficiency 
with which the laser light is coupled to the optical f ber 
disposed on tiie V-shaped groove Is low. 
[01 72] According to the present invention, it Is possi- 
ble to form the laser section 302 on the SI substrate 301 
through crystal growtin. Thus, after the laser section 302 
has been fomfied. the V-shaped groove 311 can be 
formed by performing a pnxess using a mask pattern. 
As a result, it is possible to set the positional alignment 
accuracy between the V-shaped groove 311 and the 
laser section 302 at 1 jrni or less, and the coupling effi- 
ciency between the laser light and the optical fiber 312 
disposed on the V-shaped groove 31 1 can be consider- 



ably inproved. 

[0173] In this embodiment, the substrate is made of 
SI. Alternatively, tiie substrate may be made of GaAs. In 
addition, the monitoring diode 313 may also be formed 
5 on the substrate 301 through crystal growth. 

EMBODIMENT 13 

[0174] Hereinafter, a method for fabricating a semi- 
10 conductor laser device will be descrit>ed with reference 
to Figures 16A through 16D. 

[01 75] First, as shown in Figure 1 6 A, a multi-layer film 
402 including an lnNxASyPi.x.y (where 0<x<l and 
0sy<1) layer as an active layer is epitaxially grown on a 
75 semi-insulating GaAs substrate 401 by an MOVPE 
method. The oscillation wavelength is adjusted to be on 
tiie band from 1 .1 to 1 .6 fim. 

[0176] Next, as shown in Figure 16B, the multi-layer 
film 402 is patterned by utilizing known lithography and 
20 etching techniques, tiiereby forming a laser section 403 
having a laser cavity structure, 
[01 77] Then, as shown in Figure 1 6C, a transistor sec- 
tion 404 Is formed. An exemplary cross section of the 
transistor section 404 is Illustrated in Figure 17. The n- 
25 GaAs layer 502. the i-GaAs layer 503 and the n*-GaAs 
layer 504 are formed by commonly used MOVPE or 
MBE method. These GaAs layers may be deposited 
over the entire surface of the substrate 401 and then 
patterned. Alternatively, these layers may be selectively 
30 grown over a particular region of the substrate 401 . 
[0178] Sutsequentiy. as shown in Figure 16D, a thin 
f ilm having electrical conductivity is deposited and elec- 
trodes 405. 406. 407, 408 and a capacitor 409 are 
fomied by Irthography and etching techniques. The 

35 electrode 406 supplies direct current to the transistor 
section 404, The electrode 407 supplies alternating cur- 
rent to the transistor section 404. The electrode 408 
transfers current from the transistor section 404 to the 
laser section 403. 

40 [0179] In accordance with this fabrication method, 
after the laser section 403 has been formed through a 
process step performed at a relatively high temperature, 
the transistor section 404 is formed through a process 
step, such as ion implantation, performed at a relatively 

45 low temperature. Thus, the thermal diffoslon of the 
implanted ions can be suppressed, whereby it Is possi- 
ble to prevent the performance of the transistor section 
404 from being deteriorated. 
[0180] H is noted that when the InNxAsyP^x-y (where 

50 0<x<1 and 0sy<1) layer is formed by an MOVPE 
method, source gases for In. N, As and P. as well as 
hydrogen or nitrogen functioning as a canier gas, are 
supplied into a reactor tube. As the source gases for In, 
N. As and P. trimethylindium. dimethylhydrazine. terti- 

55 arybutylarsine and tertiarybutylphosphine may be used. 
The lnNxASyPi.x-y crystal layer may be grown on a sub- 
strate by setting the temperature of the substrate at 
600°C. for example. It is also noted that arsine may be 
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used as a source material for As and phosphine may be 
used as a source material for R Monomethylhydrazlne 
or tertiarybutylhydrazine may also be used as a source 
material for N. 

[0181] According to the present invention, an organo- 
metallic gas having a lower decomposition point than 
that of ammonium is used as a source gas for supplying 
nitrogen, thereby grovying InN^ASyPi.^-y (where 0<x<1 
and 0^y<1) mixed crystals on a semiconductor sub- 
strate. More specifically, by thermally decomposing a 
mixture of a gas containing As, a gas containing P. an 
organometalllc gas containing In and an organometallic 
gas containing N, the InNAsP mixed crystals are grown 
on a substrate made of InP. QaAs, GaP or SI As the 
organometallic gas containing N, CH3N2H3 (monometh- 
ylhydrazine), {CH3)2N2H2 (dimethylhydrazine) or t- 
C4H9N2H3 (tertiarybutylhydrazine) may be used. 
[0182] In the conventional MOVPE method, ammo- 
nium has been widely used as a source gas lor supply- 
ing nitrogen. However, the present inventors dd not find 
It appropriate to use ammonium for growing the InNAsP 
mixed crystals. The reason is as follows. Since ammo- 
nium does not decompose in the temperature range 
(from about 500 to about 600°C) preferably set when 
the InAsP mixed crystals including In having a high 
vapor pressure are grown by the MOVPE method, a suf- 
ficient amount of nitrogen cannot be introduced into the 
InAsP mixed crystals by using ammonium as a source 
gas. 

[0183] Thus, the present inventors use an organome- 
tallic gas having a lower decomposition point than that 
of ammonium, such as monomethylhydrazlne, dimethyl- 
hydrazine or tertiarybutylhydrazine. instead of ammo- 
nium. The 50% decomposition point of ammonium is as 
high as about 1000°C. By contrast, the 50% decompo- 
sition points of monomethylhydrazlne and dimethylhy- 
drazine are about 300*»C , and the 50% decomposition 
point of tertiarybutylhydrazine is about 500**C. Since 
these organometallic gases containing N are decom- 
posed at much lower temperatures than that of ammo- 
nium, the InNAsP mixed crystals containing In having a 
high vapor pressure can be grown at low temperatures. 
[0184] As(C4H9)H2 (tertiarybulylarsine) may be used 
as a source for As, and P(C4H9)H2 (tertiarybutylphos- 
phine) may be used as a source for P. The decomposi- 
tion point of tertiarybutylarsine is lower than that of 
arsine. Also, the decomposition point of tertiarybutyl- 
phosphine is lower than that of phosphine. Thus, if 
these organometallic gases are used, InNAsP mixed 
crystals having excellent crystallinity can be grown at a 
low temperature. 

[0185] By using, as a can-ier gas. an inert gas having 
a larger molecular weight than that of hydrogen, it is 
possible to prevent N from being dissociated from the 
surface of a growing InNAsP film. As a result. InNAsP 
mixed crystals having a large mole fraction of N can be 
obtained. 
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EMBODIMENT 14 

[0186] Hereinafter, a method for growing InN^ASyPi.^. 
y (where 0<x<1 and 0^y<1) mixed crystals in the four- 
5 teenth embodiment of the present invention will be 
desaibed with reference to Figure 18. 
[0187] As shown fri Rgure 18, a GaAs substrate 182 
is disposed on a susceptor 1820 placed in a reactor 
tube 181 . Source gases for In, N. As and P are supplied 
10 into the reactor tube 181 together with hydrogen 183 
functioning as a can-ier gas. In this embodiment tri- 
methylindium 184. dimethylhydrazine 185. tertiarybuty- 
larsine 186 and tertiarybutylphosphine 187 are used as 
the source gases for tn, N, As and P. respectively. The 
15 temperature of the substrate 182 is preferably in the 
range from about 500 to about 700**C . e.g., 600*»C in 
this embodiment, thereby growing the InN^ASyP^.x-y 
crystal layer 188 on the GaAs substrate 182. During this 
crystal growth, the temperature at the bubbler of tri- 
20 methylindium 184 is set at 25^C and the flow rate 
thereof is set at 200 seem. The f tow rates of dimethylhy- 
drazine 185, tertiarybutylarsine 186 and tertiarybutyl- 
phosphine 1 87 are set at 500 seem. 5 seem and 5 seem, 
respectively. Dimethylhydrazine 185. tertiarybutylarsine 
25 186 and tertiarybutylphosphine 187 are ail supplied 
from the respective bubblers thereof into the reactor 
tube 181 directly. 

[0188] In accordance with the method of this embodi- 
ntent. an lnNo.3Aso.2Po 5 mixed crystal layer 188 can be 
30 yown on the GaAs substrate 181 in tiiis way The mole 
fractions x and y of tiie InN^ASyP^ .^.y (where 0<x<1 and 
0^y<1) mixed crystal layer 188 nray be controlled by 
adjusting ttie flow rate ratio of dimethylhydrazine 185, 
tertiarybutylarsine 186 and tertiarybutylphosphine 187.' 
35 [0189] The substrate 182 may be made of InP. GaP or 
Si, instead of GaAs. Arsine may also be used as a 
source material for As and phosphine may also be used 
as a source material for R Monomethylhydrazlne or ter- 
tiarybutylhydrazine may also be used as a source mate- 
40 rial for N. 

EMBODIMENT 15 

[0190] Hereinafter, a method for growing InNAsP 
45 mixed crystals in tiie fifteenth embodiment of the 
present invention will be described with reference to 
Figure 19. 

[0191] As shown in Rgure 19. a GaAs substrate 182 
is disposed on a susceptor 1820 placed in a reactor 
50 tube 181 . Source gases for In, N, As and P are supplied 
into tfie reactor tube 181 together with nitrogen 199 
functioning as a canier gas. In this embodiment tri- 
metiiylindium 184. dimetiiylhydrazine 185. tertiarybuty- 
larsine 186 and tertiarybutylphosphine 187 are used as 
55 tile source gases for In. N. As and P. respectively. The 
temperature of the substrate 182 is set at 600**C. 
tfiereby growing an lnNxASyPi.x.y crystal layer 188 ori 
the GaAs substrate 182. 
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[01921 During this aystal growth, the temperature at 
the bubbler of trimethylindium 184 is set at 25*'C and the 
flow rate thereof Is set at 200 seem. The flow rates of 
dimethylhydrazine 185. tertiarybutylarsine 186 and terti- 
aryt)utylphosphine 1 87 are set at 500 seem, 5 seem and 
5 seem, respectively. Dimethylhydrazine 185. tertiary- 
butylarsine 186 and tertiarybutylphosphine 187 are all 
supplied from the respeetive bubblers thereof into the 
reactor tube 181 directly. 

[01 93] In accordance with the method of this embodi- 
ment, an lnNo.3Aso.2Po.5 mixed crystal layer 188 can be 
grown on the GaAs substrate 181 in this way. The mole 
fractions x and y of the InNxASyPi.x-y (where 0<x<1 and 
Osy<l) mixed crystal layer 188 may be controlled by 
adjusting the flow rate ratio of dimethylhydrazine 185, 
tertiarybutylarsine 186 and tertiarybutylphosphine 187. 
[0194] The substrate 182 may be made of InP. GaP or 
Si, instead of GaAs. Arsine may also be used as a 
source material for As and phosphine may also be used 
as a source material for R Monomethylhydrazine or ter- 
tiarybutylhydrazine may also be used as a source mate- 
rial for N. 

[0195] As schematically shown in Figure 20A, if hydro- 
gen 2010 is used as a carrier gas, nitrogen atoms 2011 
having a high vapor pressure are more likely to be dis- 
sociated from a growing film 2013 on a substrate 2012. 
Thus, even when the flow rate of dimethylhydrazine is 
increased, the N mole fraction of the growing film 2013 
does not increase so much. 

[0196] On the other hand, if nitrogen 2014 is used as 
a carrier gas. the dissociation of nitrogen atonns 2011 
from the growing film 2013 is suppressed as schemati- 
cally shown in Figure 20B. This is because the molecu- 
lar weight of nitrogen is larger than that of hydrogen. 
[0197] Figure 21 illustrates the relationship between 
the flow rate of dimethylhydrazine on the axis of abscis- 
sas and the N mole fraction on the axis of ordinates. In 
the ease of using hydrogen as a carrier gas. as the flow 
rate of dimethylhydrazine inaeases. the N mole fraction 
also increases correspondingly until a certain point, but 
the increase tends to be saturated thereafter, as indi- 
cated by the broken line. On the other hand, in the case 
of using nitrogen as a carrier gas, the resulting N mole 
fraction with respect to the same flow rate of dimethylhy- 
drazine is larger than that of the hydrogen can-ier gas. 
and no saturation is observed, as indicated by the solid 
line. 

[0198] In this way. lnNo.3Aso.2Po.5 '"'xed crystals hav- 
ing a larger N mole fraction as compared with the case 
of using the method of the fourteenth embodiment can 
be grown in this embodiment on the GaAs suljstrate. 
[0199] As described above, according to the present 
invention. InN^ASyPi-x-y (where 0<x<1 and 0sy<1) 
mixed crystals having excellent aystalfinity can be 
grown on a substrate made of InP. GaAs. GaP or Si by 
the MOVPE method. 

[0200] Thus, various types of compound semiconduc- 
tor devices, such as a semiconductor laser device, can 



be mass-produced by using the InN^ASyP^.x-y (where 
0<x<1 and 0^y<1) mixed crystals produced in this man- 
ner. 



1. A semiconductor laser device comprising a GaAs 
substrate and a multi-layer structure formed on the 
GaAs substrate, 

10 wherein the multi-layer structure includes an 

active layer for emitting light. 

and wherein the active layer includes an 
InNxASyPi-x.y (where 0<x<l and 0§y<1) layer that 
is lattice-matched with the GaAs substrate. 

75 

2. The semiconductor laser device of Claim 1. 
wherein the actrve layer has a quantum well struc- 
ture including at least one well layer and at least two 
barrier layers. 

20 wherein the well layer is an InNxASyP^.x-y 

(where 0<x<1 and 0sy<l) layer. 

3. The semiconductor laser device of Oaim 2. 
wherein the barrier layers are made of a material 

25 selected from the group consisting of AIGalnP, 
AIGaAs. GaAs. InGaAsP and InGaR 

4. The semiconductor laser device of Qaim 1. 
wherein the multi-layer structure further oonprises: ' 

30 

a first dadding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; and 
a second dadding layer and a contact layer. 
35 which have a different conductivity type from 

that of the substrate and are located above the 
active layer. 

and wherein an electrode is disposed on the 
contact layer to be in contact with each other in 
40 a stripe region. 

5. The semiconductor laser device of Qaim 4. 
wherein a portion of the multi-layer structure, 
including the second cladding layer and the contact 

45 layer that have the different conductivity type from 
that of the substrate, is formed in a ridge shape. 

6. The semiconductor laser device of Claim 1, 
wherein the multi-layer structure further comprises: 

so 

a first dadding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; and 
a second dadding layer, which has a different 
55 conductivity type from that of the substrate and 

is located above the active layer. 

and wherein the second cladding layer 
having the different conductivity type from that 
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of the substrate has a ridge-shaped portion, 

and wherein a current blocking layer 
having the same conductivity type as that of the 
substrate Is disposed to sandwich the ridge- 
shaped portion therebetween. 5 

and wherein a buried layer having the 
different conductivity type from that of the sub- 
strate is disposed on the current blocking layer. 

7; The semiconductor laser device of one of Claims 4 10 
to 6. wherein the cladding layers are made of a 
material selected from the group consisting of 
GaAs, AKSaAs, InGaP and InGaAsP. 



8. The semiconductor laser device of Claim 6, 
wherein the cladding layers, the current blocking 
layer and the buried layer are made of a material 
selected from the group consisting of GaAs, 
AIGaAs, InGaP and InGaAsR 

9. The semiconductor laser device of Claim 1. 
wherein the multi-layer structure further conprises: 

a first cladding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; 
a second cladding layer, which has a different 
conductivity type from that off the substrate and 
is located above the active layer; 
a current blocking layer, which has the same 
conductivity type as that of the substrate and is 
disposed above the second cladding layer hav- 
ing the different conductivity type from that of 
the substrate; and 

a buried layer, which has the different conduc- 
tivity type from that of the substrate and Is dis- 
posed over the cun*ent btocWng layer, 
wherein a part of the buried layer is in contact 
with the second cladding layer having the dif- 
ferent conductivity type from that of the sub- 
strate in a stripe region. 

10. The semiconductor laser device of Claim 9. 
wherein the cladding layers, the current blocking 
layer and the buried layer are made off a material 
selected from the group consisting of GaAs. 
AIGaAs. InGaP and InGaAsR 

11. The semiconductor laser device of Qaim 1. 
wherein the multi-layer structure further comprises: 

a first cladding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; and 
a second cladding layer and a contact layer, 
which have a different conductivity type from 
that of the substrate and are located above the 
active layer, 



IS 



20 



25 



30 



35 



40 



45 



and wherein a part of the GaAs substrate and a 
portion including the cladding layers and the 
active layer are formed to have a mesa shape, 
and wherein both side regions of the mesa are 
filled in with a first current blocking layer having 
the different conductivity type from that of the 
substrate and a second current blocking layer 
having the same conductivity type as that of the 
substrate, 

and wherein a buried layer having the different 
conductivity type from that of the substrate is 
disposed over the second cunent blocking 
layer. 

12. The semiconductor laser device of Claim 11, 
wherein the cladding layers, the current blocking 
layers and the burled layer are made of a material 
selected from the group consisting of GaAs, 
AIGaAs. InGaP and InGaAsR 

13. The semiconductor laser device of Claim 1, 
wherein the multi-layer structure further includes: 

a semiconductor multi-layer mirror, which has 
the same conductivity type as that of the sub- 
strate and is located below the active layer; and 
a semiconductor multi-layer mirror, which has a 
different conductivity type from that of the sub- 
strate and is located above the active layer, 
and wherein the pair of semiconductor multi- 
layer mirrors con^itute a vertical laser cavity, 
and wherein laser light generated inade the 
laser cavity is emitted in a direction vertical to 
the substrate. 

14. The semiconductor laser device of Claim 13. 
wherein at least one of the pair of semiconductor 
multi-layer mirrors includes an AlAs/GaAs multi- 
layer structure. 

15. The semiconductor laser device of Qalm 13, 
wherein at least one of the pair of semiconductor 
multi-layer mirrors includes an AIGaAs/GaAs multi- 
layer structure. 



16. A semiconductor laser device comprising a GaP 
substrate and a multi-layer structure formed on the 
GaP substrate, 

wherein the multi-layer structure includes an 
so active layer for emitting light. 

and wherein the active layer includes an 
lnNxASyPi.x.y (where 0<x<1 and 0^y<1) layer that 
is lattice-matched with the GaP substrate. 



55 



17. The semiconductor laser device of Claim 16. 
wherein the active layer has a quantum well struc- 
ture including at least one well layer and at least two 
barrier layers. 
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wherein the well layer is an InNxASyP^x-y 
(where 0<x<1 and 0Sy<1)) layer. 

18. The semiconductor laser device of Claim 17. 
wherein the barrier layers are made o* GaNx-ASy-Pi. s 
x-.y' (where 0<x'<1 and 0^y<1). 

19. The semiconductor laser device of Claim 16. 
wherein the multi-layer stmcture further comprises: 

10 

a first cladding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; and 
a second cladding layer and a contact layer, 
which have a different conductivity type from 75 
that of the substrate and are located above the 
active layer. 

and wherein an electrode is disposed on the 
contact layer to be in contact with each other in 
a stripe region. ^ 

20. The semiconductor laser device of Claim 19, 
wherein a portion of the multi-layer structure, 
including the second cladding layer and the contact 
layer having the different conductivity type from that 25 
of the substrate, is formed in a ridge shape. 

21- The semiconductor laser device of Claim 16, 
wherein the multi-layer staicture further comprises: 

30 

a first cladding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; and 
a second cladding layer, which has a different 
conductivity type from that of the substrate and 3S 
is located above the active layer, 
and wherein the second cladding layer having 
the different conductivity type from that of the 
substrate has a ridge-shaped portion, 
and wherein a current blocking layer having the 40 
same conductivity type as that of the sul)strate 
is disposed to sandwich the ridge-shaped por- 
tion therebetween, 

and wherein a buried layer having the different 
conductivity type from that of the sul>strate is 45 
disposed over the current blocking layer. 

22. The semiconductor laser device of one of Claims 
19 to 21 , wherein the cladding layers are made of 
GaP. 

23. The semiconductor laser device of Claim 21, 
wherein the cladding layers, the current blocking 
layer and the buried layer are made of GaP. 

55 

24. The semiconductor laser device of Claim 16. 
wherein the multi-layer stnjcture further comprises: 



a first cladding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; 
a second cladding layer, which has a different 
conductivity type from that of the substrate and 
is located above the active layer; 
a cunrent tjlocking layer, which has the same 
conductivity type as that of the substrate and is 
disposed over the second cladding layer having 
the different conductivity type from that of the 
substrate; and 

a buried layer, which has the different conduc- 
tivity type from that of the substrate and is dis- 
posed over the current blocking layer, 
wherein a part of the buried layer is in contact 
with the second cladding layer having the dif- 
ferent conductivity type from that of the sub- 
strate in a stripe region. 

25. The semiconductor laser device of Claim 24, 
wherein the cladding layers, the cunrent blocking 
layer and the buried layer are made of GaP. 

26. The semiconductor laser device off Claim 16. 
wherein the multi-layer structure further comprises: 

a first cladding layer, which has the same con- 
ductivity type as that of the substrate and is 
located below the active layer; and 
a second cladding layer and a contact layer, 
which have a different conductivity type from 
that of the substrate and are located above the 
active layer. 

and wherein a part of the GaP substrate and a 
portion including the cladding layers and the 
active layer are formed to have a mesa shape, 
and wherein kxrth side regions of the mesa are 
filled in with a first current blocking layer having 
the different conductivity type from that of the 
substrate and a second current blocking layer 
having the same conductivity type as that of the ^ 
substrate. 

and wherein a buried layer having the different 
conductivity type from that of tfie substrate is 
disposed over the second current blocking 
layer. 

27. The semiconductor laser device of Claim 26. 
wherein the cladding layers, the cun^ent blocking 
layers and the buried layer are made of GaP 

28. A semiconductor laser device comprising an Si 
substrate and a multi-layer structure formed on the 
Si substrate, 

wherein the multi-layer structure includes an 
active layer for emitting light. 

and wherein the active layer includes an 
InNxASyPi.x-y (where 0<x<1 and 0^y<1) layer that 
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is lattice-matched with the Si substrate. 

29. The semiconductor laser device of Claim 28, 
wherein the active layer has a quantum well struc- 
ture including at least one well layer and at least two 5 
ban-ier layers, 

wherein the well layer is an lnNxASyPi,x-y 
(where 0<x<1 and 0^y<1) layer. 

30. An optical communication system conprising the io 
semi-conductor laser device recited in one of 
Claims 1 to 29. 

31. A semiconductor laser device conrpising a QaAs 
substrate and a multi-layer structure formed on the 75 
QaAs substrate, 

wherein the multi-layer structure includes an 
active layer for emitting light. 

and wherein the active layer includes an 
lnNxASyPi.x.y (where 0<x<1 and 0^y<1} layer, 20 

and wherein a transistor for supplying the 
active layer with current is integrated on the GaAs 
substrate. 

32. A semiconductor laser device comprising an Si 2S 
substrate and a multi-layer structure formed on the 

Si suk>strate. 

wherein the multi-layer structure includes an 
active layer fa emitting light, 

and wherein the active layer includes an 30 
InNxASyPi.x-y (where 0<x<1 and Osy<1) layer, 

and wherein a transistor for supplying the 
active layer with current is integrated on the Si sub- 
strate. 

35 

33. A semiconductor laser device comprising an Si 
substrate and a multi-layer structure fornied on the 
Si sut>strate, 

wherein the multi-layer structure includes an 
active layer for emitting light. 40 

and wherein the active layer includes an 
InNxASyPi.x-y (where 0<x<1 and 0^y<1) layer, 

and wherein a recessed portion for support- 
ing an optical fiber receiving laser light emitted from 
the active layer is formed in the Si substrate. 45 

34. The semiconductor laser device of Claim 33. 
wherein at least part of the optical fiber is supported 
by the recessed portion of the Si substrate. 

so 

35. The semiconductor laser device of Claim 34. 
wherein a transistor for supplying the active layer 
with cun-ent is integrated on the Si substrate. 

36. A method for fabricating a semiconductor laser ss 
device, comprising the steps of: 

forming a multi-layer structure including an 



InNxASyP^.x-y (where 0<x<1 and 0^y<1) layer 

on a semiconductor substrate; 

forming a laser cavity and a reflective surface 

thereof by patterning the multi-layer structure; 

and 

forming a transistor on the semiconductor sub- 
strate. 

37. The method of Claim 36, further comprising the 
step of forming, In the semiconductor substrate, a 
recessed portion for supporting an optical fiber 
receiving laser light emitted from the active layer. 

38. The method of Claim 37. further comprising the 
step of disposing at least part of the optical f ber in 
the recessed portion of the semiconductor sub- 
strate. 

39. A method for producing a compound semiconduc- 
tor by growing InNxASyP^.x.y (where 0<x<1 and 
Osy<1) on a substrate, made of a semiconductor 
material selected from the group consisting of InP. 
GaAs. QaP and Si, by the use of a gas containing 
arsenic, a gas containing phosphorus, an organo- 
metallic gas containing indium and an organometal- 
lie gas containing nitrogen. 

40. The method of Claim 39, wherein the gas contain- 
ing arsenic is ASH3 (arstne). 

41. The method of Claim 39, wherein the gas contain- 
ing phosphorus is PH3 (phosphine). 

42. The method of Claim 39. wherein the gas contain- 
ing arsenic is As(C4H9)H2 (tertiarybutylarsine). 

43. The method of Claim 39. wherein the gas contain- 
ing phosphorus is P(C4H9)H2 (tertiarybutylphos- 
phine). 

44. The method of Claim 39, wherein the gas contain- 
ing arsenic is As(C4H9)H2 (tertiarybutylarsine) and 
the gas containing phosphorus is P(C4Hg)H2 (terti- 
arytnjtylphosphine). 

45. The method of Claim 39. wherein the gas contain- 
ing nitrogen is an organometallic gas selected from 
the group consisting of CH3N2H3 (monomethylhy- 
drazine), (CH3)2N2H2 (dimethylhydrazine) and t- 
^4^9*^^ (tertiarykxjtylhydrazine) gases. 

46. The method of Claim 44. wherein the gas contain- 
ing nitrogen is an organometallic gas selected from 
the group consisting of CH3N2H3 (monomethylhy- 
drazine), (CH3)2N2H2 (dimethylhydrazine) and t- 
C4H9N2H3 (tertiarybutylhydrazine) gases. 

47. The method of one of Claims 39 to 46, wherein an 
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inert gas having a molecular weight larger than the 
molecular weight of hydrogen is used as a carrier 
gas. 

48. The method of one of Claims 39 to 46, wherein s 
nitrogen is used as a carrier gas. 

49. The method of one of Claims 39 to 46, wherein 
argon is used as a carrier gas. 

10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



21 



EP 0 896 406 A2 




FIG. IB 




lennnirv <-pd nnwunAA? I > 



22 



EP0896 406 A2 




FIG. 2B 
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